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FULL CONSTITGENTS NORMALLY LOST DURING FLIGHT

. By Charles S, Stone and Walter B, Kramer

SUMMARY

An investigaticn was conducted to determlne the effect on
fuel-vapor loss during flight of omitting in the blending pro-
cess sone of the fuel cametitusmts in AN-F-28, Amendmeont~2,
fuel that are normally lost in flight, In this particular
serles of tests, some of the lower—bolling-point components
were reomoved from avallable AN-F'-28, Amendment—-2, fuel by means
of & fractlonating columm,

The reeults show that the fuel-vapor loss for a glven set
of elmulated-flisht conditions decreased as the percentage of
fuel removed increased, Also, the altitude at which fuel-vapor
loss begins (critical altitude) wes found to increase as the
percentege of fuel removed increamed. These ralations were
found to depend on the initial characteristics of the original

fuel sample.

The Reld vapor pressure and the A,.S5.T.M, 5~ and 10-percent
recovered polnts gave single-valued functions with fuel-vapor
loss and critical altitude. These physical properties as in-
dicated by data for AN-F-28, Amendment-2, fuel may be used to

determine the extent of omlsslon necessary to prevent fuel-vapor

loes for a given get of flight conditionms.

INTRODUOTION

Current aviation fuels contain relatlvely high percentages
of volatile constituents, such as isopentane, in order to im-
prove the starting and operating cheracteristics of the englne,
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especlally during adverse weather conditions. Some of these
highly volatile substances are added in the blending process
af ter the base stock has been refined. Reports from the
Petroleum Administirator for War have indicated that as much as
23 percent by volume of lsopentane may be present in grade
100/130 fuels in order to obtain the desired physical charac—
teristlcs called for in the Army-Navy specificatlons.

Unpublished data obtalned at the NACA Cleveland laboratory
indicate that the fuel lost through vaporization from the fuel
tank during high-gltitude £light conslets malnly of the lower—
boiling~-point components of the originel fuel. The present in—
vestigation was therefore conducted to determine the effect of
omitting some of the lower-boiling-voint constltuents in a fuel
on the fuel—-vapor loss during similated flight. Thls effect was
determined by subjecting samples of AN-F-28, Amendment—2, fuel
with up to 29.37 percent by volume of the lower-boiling-point
components removed by fractional distillation to simlated
flights to altitudes of 50,000 feet., Other effects that might
result from the removal of the lower-boiling-point components
were not investigated.

These tests were made during the latter part of 1944 and
the early part of 1945 as a part of a general investigation being
conducted at the NACA Cleveland laboratory at ‘the request of the
Alr Technical Service Command, Army Air Forces, on means for re-
ducing fuel-vapor loss during high-altitude flight.

AFPARATUS

For this test program, the fuel samples were obtalned by
subjecting AN-F'-28, Amendment—~2, fuel to fractional distillation.
The fractional-distillation apvaratus used for the tests consisted
of a T-gallon, cylindrical still pot surmounted by a fractionation
column and a etill head, The fractionation column was a 2-inch
galvanized iron pipe 71 feet long packed with glass helices. The

2

helices were of glass 0.5 millimeter in dlameter and were wound in
chains 1/8 inch in diameter. The packed pipe was surrounded by
two thin-walled iron pipes in such a manner that two annular dead-
alr spaces were formed about 1t. Three-ply corrugated asbestos
insulation covered the outermost pipe. Nichrome wire was wrapped
around the inner plpe to heat the columm electrically when neces-
sary. Thermocouples were placed in the column at 2-foot vertical
intervals to measure the column temperatures, The still head was
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a modification of the one 1llustrated in reference 1. The system
was vented through vapor traps in order to catch any vapors not
condensed by the stlill-head condenser.

The simulated-altitude bench-test installation used is ehown
diagrammatically in figure 1 and photographically in figure 2. The
installation 1s, essentially, an inesulated plastic fuel tank mounted
on a balance in an altlitude chamber. The altitude chamber is pro-
vided with a water jJacket in order to control the temperature within
the chamber to 80° F +2° ¥ before the start of each test. The fuel
tank, 10 inches 1n dlameter and 15 inchea in height, is vented
directly to the altitude chamber through & valve by means of a 3~
foot length of nsoprene tubing 3/’4 inch in inslde diameter., The
vreseure within the fuel tankk 1s manuzlly controlled by alr-bleed
velves in conjunction wilth a vecuum pump in order to simlate a
predetermined flight path. The apparatus used to indicate and con—
trol the pressure altitude 1s essentisliy the same as that described
in reference 2, The fuel loases are delermined by means c¢f the
balance. Five thermocouples, used to measure the fusl and vapor
temperatures during the tosts, wcre placed within the fuel tank and
wore apaced at Ll-inch intervels starting 1/2 inch above the bottom

midwey between the center and the outer wall of the fuel tank,

A hot-weter heat exchanger used as a fuel-temperature regulator
heated the fuel to the desired initial temperature before 1t was run
into the fuel tank, A flexible hose leading from the heat exchanger
through an access door 1ln the altitude chamber permitted the fuel
to be transferred to the fuel tank at the end of the heating pro-
cess.

An A,5.T.M, gasoline-distillation apparatus, Reid vapor-pres—
sure bombs, and an analytical-type Westphal balance were used to
obtain distillation curves, vapor pressures, and gpecific gravities,
respectively, of the varlous fuel samples withdrawn,

TEST PROCEDURE
Preparation of Fuel Samples

Tor each test, a fuel sample was prepared by introducing approx-
imately 26 pounds of AN-F-28, Amendment-2, fuel into the astill pot
of the fractionating column, The fuel in the still pot was then
heated and the column, refluxing continucusly, was allowed' to come to
equilibrium at 78° F-to 800 F over a period of 2! hours, The dis-
tillate was then removed at a rate of 80 to 90 drops per minute
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until the desired amount had been obtalned. After the distillate
had been removed, the heaters were skhut off and the residual fuel
was allowed to cool over a perlod of 12 hours before it was drained.
The weightse of the residual fuel and the dlstillate were recorded
and samples of each were removed for analysis,

Similated~Flight Tests

In each simulated-flight test conducted, approximastely 15
pounds of each fuel gample was used. The fuel was first heated to
approximately 115° ¥ in the fuel-temperature regulator and was
then transferred to the fuel tank in the altitude chamber, The
fuel entered the fuel tank at a temperature of approximately 112° F
and was then allowed to cool to 1100 F +0,59 F in the fuel tank be-
fore the slmlated~flight teat was started., All vents and openings
of the fuel tank were closed while the fuel was belng heated in the
temperature regulator end while the fuel was cooling in the fuel
tank,

The simulated flighte to induce fuel-vapor loss conslsted in
a climb at 200C feet per minute to an altitude of 50,000 feet with
this altitude maintained for a2 total test duration of 85 minutes,
The fuel within the tank wae not mechanically agltated during the
test. Fuel and vapor temperatures and the welght of fuel lost by
vaporlization were recorded at lntervals durlng the tests.

A l-quart sample of the fuel was taken before the fuel was
heated, and before the start and after the completion of each
slmlated~-flight test, in order to obtain Reid vapor pressures,
specific gravities, and A.S.T.M, distlllation curves.

PRESENTATION OF THE RESULTS

During the fractionation process for obtaining the fuel sam~
ples, small losses of fuel due t0 column leakage and dralnage were
unavoildable, Inesmch as leskage, drainage, and fllling losses
could nct be determined, the data cennot be presented on the basis
of percentage removed by fractionation. Instead the data are pre-
sented es & range between the minirmm and maximum limits of the
amount removed by fractionation (calculated on the basis of (1)
the distillate recovered and (2) the amount removed from the
original fuel)., Although the exact amount removed by fractionstion
was not known, it falls somewhere between these two limits and
therefore presentation of the data as ranges reveals trends and
glves aprroximate values for comparison and analysis,
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Inasmch as the tests were conducted with three barrels
of AN-I'-28, Amendment~2, fusl, which were not necessarily from
the same original source of supply, some differences in the
physical properties of the fuel are to be expected because the
Army-Navy specification for this grade of fuel allows rather
wide variations. Although a number of tests was conducted and
a large quantity of data was accumlated, 1t was found adviseble
to omit some of the data points on a few of the curves for the
sake of clarity.

Phygical Properties of the Fuel

The A.S.T.M. distillation curves of a representative group
of fvel samples and of the distlllate removed are shown in
figure 3. The effect of removing increasingly greater quanti-
tles of the lower-boiling-pcint componeats of the fuel by
fractional distillation waa merely to increase the distillation
temperature in the lowsr ponrtion of the curve whereas the upper
vortion of the curve remainod relatively unsffectsd. The fact
that the A.S.T.M, distiliatioa curve of the distillate (that
nortion of the fuel removed by fractionaiion) is very nearly a
horizontal line 1rilcates the prescnce of a large quantity of
& slngle compound, probably isopentene, the bolling point of
which is 82.2° F (reference 3, p. 1).

The effect of the removal of some of the lower—-bolling-
noint composnents on several of the physical propertles of the
fuel is brought cut in figure U4 where the Reld vapor pressure,
the specific gravity, and the A.5.T.M. distillation temperatures
are plotted as functions c¢f the percentage of fuel removed by
fractionation. Figure 4 shows that the Reid vapor proessure de—
creages, wvhereas the specific gravity and the A.S,T.M. tem~
peratures lncrease, as theo amount of fuel removed by frac—-
tionation increases. The presence of two separate curves for
epecific gravity is, as was explained previously, the result
of the use of a different barrel of AN-F-28, Amendment-2, fuel
for each series of tests. The use of the difforent barrels of
fuel apparently did not seriously affect the correlation be-
tween the percentage of fuel removed and either the Eeld vapor
pressures or the A,S5.T.M, distillation temperatures.

Similated-Flight Tests

The results of the simlated—flight tests on the several
fractionated fuels are presented in figure 5 where the fuel-vapor
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loss, the average fuel temperature, and the average temperature
of the vapor above the fuel in the tank are plotted ms functions
of flight time. Most of the fuel-vapor loss takes place during
the climb pericd (in tho firet 25 min of the flight§ with only

a small increase in the loss during the constant-altitude portion
of the flight. After the end of the climb, the fuel apparently
becomen-stabilized at the 50,000-foot altitude, after a2 short

(5 to 10 min) period, and the loss from that point on seems to be
alwost linear et a rate of apnroximately l-percent loss per hour
for the rest of the test, All the loss curvee have the same
general shape. BRegardlees of the quantity of lower-bolling-pcint
components removed from the fuel, the rate of loss with time 18
practically the same after the "critical' altitude (the theoreti-
cal altitude at which fuel-vapor loss begins) has been reached.

The curves of average fuel temperatures during the simalated
flight appear to be the luverse of the fuel~vapor-loss curves;
the greatest change in temperature takes place during the c¢limb
and at a constant rate with time, The grestest temperature change
takes place with the fuel undergoing the greatest vapor loss
(the fuel sample having none of its lower-bolling-point com-
ponents removed). The fuel temperature levels off at the end of
the climb and remaines very nearly constant throughout the constant-
altitude portion of the simulated flight., As with the fuel-vapor-
loss curves, all the fuel-temperature curves have the same general
shape, the rate of change of tomperature during simuleted flight
being practically the same, regardless ¢f the quantity of fuel
fractionnted, after the critical altitude has been reached.

The curves showing the average temperature of the vapor
above the fuel in the fuel tank (fig. 5) reveal general trends
that may be of interest. As the simulated flight progresses,
the vapor temperature rapidly rises to approach the average fuel
temperature and then the curve assumes the same form as the
average fuel-temperature curve but with slightly lower values.

ANALYSIS OQf THE RESULTS

The data obtalned during the climb period of the simulated
£1ight, which show the fuel-vapor loss as a function of altitude
and of the change in fuel temperature, are plotted in figure 6.
Each curve of fuel-vapor loss with altitude shows a negligible
lose up to an approximate critical altitude from which point
the fuel-vapor loss increases linesrly with altitude. The small
transition section preceding the linear portlon of the curve may
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have been caused by the presence of air elther in solution with
the fuel or above the fuel, which upon helng removed. carried with
it some fuel vapor. The oritical altitude can be determined by
extending the linear portion of the curve-to the point of =zerc
losgs.

A unique characterligtic of the series of curves of fuel~vapor
loss with altitude 1s the fact that, after the oritical altitude
has been reached, the weight rate of fuel-vapor less with altitude
is the same regardless cf the quantity of lower-beiling-point com-
ponents removed from the fvel up to the removal of approximately
15 percent. The only effect, then, of removing increased amounts
of the lower~bciling-polnt components cf the fuel is to ralse the
boiling altitude of the fuel, but once the bolling altitude has
been exceeded the rate of fuel-vepor loss with altitude 1s con—
stant.

The series of curves cf fuel-vapor loss with fuel-temperature
drop is presented in figure 6 to show the effect of the fuel vapor-
ization on the temperature of the fuel remeining in the fuel tank,
The change in fuel temperature during the simmlated climb for each
fuel sample varied linearly wlth the loss except for a small por-
tion of the curve at low lceses. This transition period may also
have been caused by the presence of dissolved alr in the fuel which,
upon coming out of solution, carried with it some fuel vapor end
thereby decremnsed the temperature of the fuel. Although the rate
of change of fuel temperature with fuel-vapor loss 1s approximately
the same for all the fuel samples, the curves are slightly dig-
pleced from each other with the result that for a given fuel-vapor
logs the fuel with the greatest quantity of lower—-boiling~point
components removed by fractionation undergoes the greatest drop
in fuel tempersture,

The A.S5.T.M. distillation curves of some of the fuel samples
before and after similated flight are shown in figure 7, Al-
though the spread in temperatures in the lower portion of the dis-
tillation curve is stlll present after the fuel samples have been
subjected to simulated flight, the temperature spread 1s less than
that of the samples before the simuleted flight.

The effect of the removal of the lower—bclling-point com~
vonents cn the fuel~vapor loss and the critlcal altitude of the
fuel is shown in figure 8. Alth-ugh the loss decreases by
appreciable amounts, the amount cf decrease is differemnt fcr each
barrel of fuel from different batches. These differences can be
expected because the Army-Navy specificeticn for AN-F-28, Amend-
ment-2, fuel allows a variaticn to exist in those physical
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properties which are importent with respect to fuel-vapor loes;
for example, Reid vapour pressure, A.5.T.M. dlstillation tempera~
tures, and specific gravity.

Although the amount of fuel remcved by fractionation could
not be accurately determined and is presented as a range between
two limits, some of the physical precperties nf the fuel may be
uged to lndlcate the effect of the removal of the lower-boiling-
point components cf the fuel on fuel-vapor loss. (See fig. 9(a)).
The use of three barrels nf AN-I'-28, Amendment-2, fuel gives three
separate and distinct linoar curves of fuel-vapor loss plotted
agalnst specific gravity but no such distinction is ghown when
fuel-vapor loss is plotted against Reid vapor pressure or A.S.T.M,
ddstillation temperatures at initial boiling polnt, H5-percent pcint,
or 1l0-percent point.

The curve of fuel-vapor loss for the simulated—flight tests
plotted against Reid vapor pressure is epproximately linear for
Reid vaper pressures between 3.5 and 6.5 pounds per square inch
but the loss drops more rapldly when the Reld vepor pressure is
decreased below apprcximately 3.5 pounds per square inch,

The A.S.T.M. distillation temperatures at initial bolling
point, H5-percent point, or 1l0-percent peint glve linear curves
when they are plotted agelnst fuel-vapor loese. The extreme
spread in the points on the A.S5.T.M. initlal-boiling-point curve
gseens to eliminate 1ts nossible use as a measure of the loss to
be expected during this perticular simulated flight, but the 5-
ar 10-percent reccvered curves are reasoneble,

The initial specific gravity of the fuel 1s elimlnated as
en indicetion of the fuel-vepor loes ton be expected due to the
variation in the three barrels cf fuel but, as has been shown
in reference 4, the change in the specific gravity of the fuel
can be used tc indicate the fuel-vapor loss that has occurred.

Because of the linearlty of the curve showlng fuel~temperature
drop plotted against fuel-vapor loss (fig. 6), 1t is possible that
the fuel-temperature dron may also be a good indication of the loss
that has occurred during the simulated flight. If the physical
properties of the fuel samples are to be used to predict the fuel-
vepor loss during & simlated climb to a 50,000-foot altitude,
then either the Reid vapor preseure or the A.5.T.M. 5- or 10-
percent recovered curves should be used.
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Much useful information was obtalned by considering the

variation of fual-vapor loss with the changes in the physical
" properties of -the -fuel samples, but the effect on the critical
altitude of decreasing the amount of lower—-bolling-point com—
ponents in the fuel is of more practical value. Figure 9(D)
shows the criticel altitude of the fuel samples (with the fuel
at a temperature of 110° F at the start of the simulated flight)
plotted asgminat Reld vapor pressure, specific gravity, and A.S.T.M.
dietlllation temperatures. As has been previously indicated, al-—
though the crltical alititude varies linearly with the specific
gravity, the use of different sampies of AN-¥-28, Amendment-2,
fuel gives separate and dlatinct curves. Inasmach as the critical
altitude approximates the actual boiling altitude of the fuel, the
critical altitude varles aimost exponentimlly with the Reild vapor

essure, If a flight is desired to an altitude of 40,000 feet
with the fuel at an initial temperature of 110° F) without ap-
preciable fuel-vapor loss, 1t can be seen from figure 9(b) that
the fuel must have a Reld vapor pressure of apprcximately 2,8
pounds per square lnch., The ecritical eltituie also varies line-
arly with the A.S.T.M. distillation temperatures with considerably
more scatter of the data in the initial bolling-point temperature
than elther the 5~ or lO-percent recovery curves.

DISCUSSION

In general, the reductlon in fuel-vapor lose due to the
omlaglon of increased amounts of the lower-bolling-polnt components
of the fuel 1s cansed by the succespive reductions in the vapor
pressure of the fuel. The decreased vapor pressure of the fuel
increases only the critical altitude of the fuel and apparently
does not affect the rate of loss with altitude after the critical
altitunde has been reached (that 1s, within the 1limits of these
tests). Omission of the lower-boiling-point components of the fuel
increases the speclfic gravity because some of the lighter portions
of the fuel are omitted. Differences in the inltiaml specific
gravity, within the limits of these tests, apparently do not affect
the fuel-vapor loss during simulated flight. Volatility of the
fuel or its tendency to vaporize due to decreased atmospheric pres-
sure, incrzased fuel tempsrature, or both can be indicated elther
by the Reid vapor pressure or the A.8.T.M. 5~ and 10-percent dis-
tillation temperatures.

It 1s emphasized that in practice the conasideration of the re-
duction of fuel-vapor loss by omission of some of the lower-bolling-
polnt components should be influenced by fectors such as:
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(1) Possible fuel-production curtailment

(2) Engine starting '

(3) Engine perrformance with less volatile fuel

(4t) Climatic conditions under which the fuel will be used
(5) Operating altitudes and ranges

All theee factors should be investigated although englysis showa
that some effects of the omlpsion may not be serious.

Under those operating conditions where fuel-vapor loss occurs,
engine starting, cruise operation, or the explosibility of the mix-
ture in the fuel tank may not necessarily be affected., Starting
may not be made more difficult after the first flight because the
fuel in the fuel lines between the fuel tenk and the carburetor
nozzld, which would be the fuel used in starting, is weathered fuel
that has beecn subjected to eltitude conditions., Crulee operation
of the slrcraft may not be affected, inasmuch as the fuel used
during this perlod of flight is fuel that has already been weathered,
The decrease in fuel-vapor pressure due to omission may increase the
danger of explosion when the fuel tenk 1s penetrated by gunfire;
however, this hazard may be equally dangerous with current fuels
af ter some of the lower-bolling~point components of the fuel have
been lost through vaporizatica.

Decreased fuel-vapor preesure can be beneficial to the operetion
of the sircraft, The tendency of a fuel system toward vapor locking
1s markedly decreased as the fuel-vaper pressure 1s decreased. If
the fuel-vapor pressure ig decreased sufficlently to ralse the crit-
ical altitude cof the fuel above the altitude at which the ailrcraft
18 likely to operate, additional fuel losses due to beliling over
{which may in some cases be large) are also eliminated,

SUMMARY OF RESULTS

Vhen AN-F-28, Amendment-2, fuel with various amounts of the
lower-boiling-point components removed was subjected tc simulated
flight in & bench~test lnstallation, the following results were
obtalned;

1. Increased removal of the lower-~bciling-point components
decreased the fuel—-vapor loss and increased the exiticel altitude
by amounts which varied with the physical characteristics of the
fuel sample,
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2. The Reid vepor pressure and the A.S.T.M. 5~ and 10-percent
recovered pointe gave single-valued functions with fuel-vapor loss
and critical altitude. These physical properties of the fuel may de
used to determine the amount of omlssion necessary to prevent fuel-
vapor loss for a glven aet cf flight conditions,

Alroraft Engine Research Labecratory,
Netional Advisory Committee fcr Aeronautics,
Cleveland, Ohlo, August 27, 19i5.

REFERENCES

1, Zimmermen, O. T,, and Lavine, Irvin: Chemical Engineering
Laboretory Equipment, Design Construction Operation, Ind.
Res. Service (Dover, N. H,), 1943, p., 3u7.

2, Stcne, Charles S,, Beker, Sol, and Black, Dugald 0.t Flight
Variables Affecting Fuel-Vapcr Loss from a Fuel Tank, NACA
MR Nc, EML28, Dec, 28, 194k,

3. Doss, M, P.: Physical Constants cf the Principal Hydrocarbons
The Texas Co. (New York), 4th ed., 19L3.

Y4, Stone, Charles S,, and Kramer, Walter E,: Fuel-Vaporization
Loss as Determined by the Change in the Specific Gravity of
the Fuel in an Alrcraft Fuel Tank, NACA RB No. E5EL9, 195,




. Air motor

Fuel-teaperature
reguiaotor

—~—_

Noter jacket 1

Selector switch

S

l—.'-”-

Access door

Disconnection fitting

Nanometer |ine
Fuel line

Water returm

Soems ) omess r‘.’.r‘d woter

e Fyel vapor

E

Thermocouple leads

L

_\fL Potentionste
\J

3

/—\ .
Altitude chomber
1LE
Vent I3 —
| /-
r - e - e e
' /—Plaarlc fuel tank -
E
i O) Window—__
Weights w
i 1
3

Flight=poth control

]

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

-

Lre

toting drus

Altitude monometer

t—prassire

ffterential monometer

—>d-

Nonual ly comtrolled
bleed values

Yocuum pump —

Exhoust

to auosﬂun/

Figure 1. - Diagrammatic sketch of simulated-altitude bench-test installation.

‘oN "¥N YIVN

LTHS3




NACA MR No. ESH27

©
®
[ /]
o O
A
i ©
B A
 ©
TR
&
E O
&~
Q
. O
o
3
L
-, BN
. o
—
| <
-—
o
.(

- Slﬁulafad—alfltude bench~test Installation.

Figure 2.




(b) Altitude chamber open.

Flgure 2. - Concluded. Simulated-altitude bench-test installation.




NACA MR No. EBN27

TIYTITIVT ”Wm L na AN s aRAREA RAARARALEN REMAKAALAN LAALY LU
NATIONAL ADVISORY
i COMMITTEE FOR AERONAUTICS , .
E ;
s20f x
E Test Percentage removed
00 by fractionation
E o A-74 0 3
E + A-69 3.10 - 4.4} 3
@0 F nAfs 738 a5 E
E o A-72 R 3
5 A A-76 11.88 - 13.26 3
280 3 :
E 5
20 F 3
3 :
& F Residual fuel ]
- 220EF (Fueis u .
t E n tests) 3
3 - 3
g 3
i 200
$§
180 F 3
160 f
140 ]
m¥ :
5 Distillate 3
d (Portion removed E
100 3 fractionation) by E
- 3
3 F
MESCSSEs===5 :
eof . E
ofuboboldolodododod ool lododododod g

Percentage recovered

Fl 3. = A.S.T.M. distillation curves of seme of the fuel sasples used In the tests
portions resoved by fractionation. ond of



NACA MR Ro. Eilll'l

E L LARAS LA R LA RA A RE AN BN "ﬁ'h';a‘ é 'l't'r"-'I'IlIIIIl'll'l&;.r;ll'lsIl'Il'II
.3 - Test P"“ﬂtl resoved Test Percentage resoved 5
by fractionation by fractionation 3
S N o A-74 (] b A 0 3
= o +—+ A-80 3.19 - 4.41 G—a A * 9.87 - 11.88- 3
g N || AR ERiiE S £8TAE
2 F ] o—O A-72 9.90 - 11.72 . R
s a&—a A-78 11.88 - 13.28 3
.6 F | = A7 14.73 - (5.64 3
£ E b 3
» < ]
8 4F 3
a o 3
- 9
2 3 3
o - 9
= ]
= 3 3
& 3 E
2F <«
3 NAT IONAL ADY ISORY ]
< COMMITTEE FOR AERONAUT ICS °
.7500 |- ]
c E .
3 p
Bt = 3
A < 2 5
§ < (/ 3
z E 5 E
» <7300F
- ~
: ]
< — 3
(] C < / 3
:.E L7200 I ]
g ; 1 3
& - 3
W= a
.7100 == 3
< . g 3
N e e 5
° 3 _2 .l v 4 =, :
4 9 “] 3
] - .
[ 0E - P 3
S L~ ]
e E =
< F g ol ——— Initial bolling point
3 140 ~ — —= 5 percent recovered
> » +==—— - — |0 parcent recovered
-
E L Talls on gymbols indicate curve
= 120 to which data points bel onq.
= Example Curve
- A
:i 4 i
a2k [USuI FESSINTN rul AL LD a4 a4l AALL 2RA
100 uaslusssdpsaslins — N R

Percentage removed by fractionation

Figure 4. - v;rlatlon of severs! physical properties of the fusl samples with percentags removed
g’; fractionation.



NACA MR No. EGH27

m;'uu \ 2 ARIRARASBARAIARARE RAREE RARAS RAASS SELRS ARAS) m‘
i e o i G s 5
1oF - == 3
- E - N y - el :
; . C
z 1eF = .
i : : I 3
o — 1 5
g NAT IONAL ADVISORY 4
f o COMMITTEE FOR AERONAUTICS 3.
[ -] -
=3
[ 5
%
C Test Parcentage remov 5
by fract onnmn“ -
End of climb O A-74 0 3
1o 10 50,000 Teet +A-80 3.9 - 4.4l
- u A-73 4.% - 4.82 .
o / OA-78 7.20 - 8.285 3
- OA-T2 9.80 - 11.72 -
. AA-78 11.88 - 13.28 E
- vA-71 14,73 - |5.64 E
100 -
° -
N ;
o 90 x .
- N J
s | \ :
i . ;
.-g- 80 E v - vfﬁ ‘F:q# 3
- - — :
% : = BK) E
t | Tt 2
| e e B P ]
—&. P E
m -
3 b
-] p
g ¥ "
] s 3
s
P E == ==
L + :
. o ]
g or == ]
» - -
- o b
(-]
e . | I ]
g %‘I_l_l (VN . 3
< ; mwuwuw& .u.u“.ua. Ln.n.uw.u..l.uu

Flight tln. nin
Figure 5. = Variatioa in fuel-vapor loss, fuel r temperature while subjectin
! | samples to simulated Tlight. Rate of ¢ lb. -Sbo fu:’:or minute to an at tltud% of °
so.ooo fest with level flight .t his altitude to ond of test.




i R A AL AAAALLASSSSASLAEA SRR LA ARS IR AL RARSS RARES RARAS B AR A2 RESRIREREE RAR] LA RARAN BRI R AR RARAS RANNERARS ) RAE S

NAT IONAL ADVI
COMMITTEE FOR AERONAUTICS

2¢ 13

‘oM 3N VIVN

.
Lillitsrza istalis

-

t Percentage ra-o"ﬁ
Tes by fractionation

LZHS]3

ISR A AASAI RAAAS SARAI RANAL RAARS LR

+ A-09 3.

4
7.

=]
5

19

32

O A-72 9 %g

2 A 1.88
4.1

BB A0S ARAL]

Fesi=-vapor lces, perceat

Criticai

1381 RAARI RAAAS RARAILESA] AT AR RAA

altitude

o 20l ['Tvl FRUSY FER T T aals TR Rl FTU Tl FE T SRRV IR TN AYETH FUNTE PRI P

wWiaalzas Jairlasen danantassalants llllJ Lividasaallosaliaaalag

000 N X X 40,000 48,000 10 20 0 40 %0
Pressure altituge, ft Fuel-temperature drop, °F
ﬂgla.';"h.l-m loss pletted as a fuaction of pressure altitwde and drop in fuel temperature during sisulated climb to an altitude of
{) .



NACA MR No. ESN27

Temperature, OF

240

i

240

140

TSI JISITIITY LA LA RARAARARAARAAZE RARLS TIV Yy T
3 I8t 3
E coud) TTLE Fon" AERGRAUT ICS - ]
E E
5 ) ;
f After test E
E J 3
5 [ E
5 a

/// 3

4 3

2 3

E E
120F Before test :
y Test Percentage removed :
by fractionation

o A-74 0 3

. + A-89 3.19 - 4.41 3

2hn 1B AR

o A- .20 - 8. 3

- o A-72 9.90 - 11.72 ;

a A-76 11.88 - 13.26 3

60
Percentage recovered
FI’H:IIZ' = A.S.T.M. distiilation curves of some of the fue! sampies before and after sisuiated




NACA MR No. E5H27

"‘TIWL mv'mv LB AR RAARA AR RARAIAAAAI RRAALMI BRI LA R: LA ) LA LA A S
COMMITTEE FOR AERONAUTICS ]
0 ;
1.

14

N

Fusl=vapor lees, perceant
-]

TTTT Ty T T B 2 IRARARAAAIRARANBASES LARANRAZA] RARR] 7!! TTIITITITTY

N

geaalaaaa ey

x

LAlL

N 3
50,000 F .
: o - :
%0,000 /L 2 £ f
3 - E
- - — -
- L - 3
» 30,000 k- -
i M (> [~ E
- P = 3
3 0.000 Fue| ;
= < Barrel ]
1‘5 3 o] t 4
L + 2 3

.10,000 £ a 3
E 3
. :hlll saakagaanlssssiaaaalenasianonlanzaReneaNalnianezy 2320 ‘lJllll AdadRalitdairidiigl 3

12 (] 20 n a8 2
Perceatage reasved by fractionation

figare 8. - Fuel=vaper less during clinmb te §0,000 feot altitude and criticat sititede as affeated
by aneunt of lewer=belling=peint conpeacats reneved frem AR-F-28, Amendunent 2, fuel.

¥




Critical aititide, ft

m TITTTTITITIIITTYY ™Y T YTy LA LR BLE R BN EREREE LRI LB LA N IEEEE LERAA LER LA LEAEE SRR LESER LA AR ANAEE LR LA LEAE LERA S CLALR o
-Eco:m':kr;ég%nmagt!:omuncs o-/ s 2 . 3
6 E ¢ \\ i\ i A N 3
i | ARERER ;
8 k - ' W o
g 12 2,4 ; :
§ L bA NE ]
N Y . 1 N | a
o porge, N .
g kF Id - E
iE b 99T it eor sraswre ¢ N :
e E VI A.S.T.\. distlilation :
s F Xy » Initial bolling point T
- E f ogQ o S5-percent recovered point g
E A A M 10~parcent recoverad point - ]
0 ddrdasatlasccdorpidorerbarselasssbogacdooscdoacalosaslpssaloscalonsatogsalosoalonastocanlonssdaasifoonslonsatoorslogasfanasdonsalay
(2) Fuel-vapor loss at end of simuiated climb to 50.000-foot altitude.
48,000 3
¥ 4
- % ' :
5 ol / . A
40, r
0oE N - Y + /4/ ]
-1 -
E | 1ok {4 1 A |G
] p 3
32,000 -
INER U A RA T
= A / 9
; S — VA& :
24.000: S + / x —~ =
L u ] 3
P y *_ -
- o= . L™} E e
|e|mlzilu sl waliin llll.llll 1lid i 221 L 'S FYET) 10 lllI v . “&“W%B‘I‘

W1l . of .
Specific gravity at 200 C (88° F)
(b) Critlcal altitude (theoretical altitude st which fuel-vapor lass begins).

Rald vapor prescurs, Ib/sq n,

Figure 9. - The affect onogmy-vapor-_lua charactaristics of varlation In soms of the physical proparties of the fuel. Fusl temperature at-start

of sisulated flight, 1)

A.S.T.M. distillation temparature, OF

°Oy YW VOVN

LZHS3



